Global warming and climate variability are emerging as the foremost environmental problems in the 21st century, particularly in developing countries. Ethiopia is one of the countries located in the subSahara region and climate variability has a significant impact on the economy of the country. The aim of this study is to characterize annual and seasonal rainfall and annual temperature variability, and to measure trends on both the spatial and the temporal scale for ten selected stations in the Tana basin region, Ethiopia. The Mann-Kendall test and Sen's slope estimator were used to assess trends and variability of rainfall and temperature. The spatial distribution of rainfall and temperature was determined using the inverse distance weighted technique. Results indicated that the amount of rainfall decreased for the majority of the stations. The annual rainfall showed significant decreasing trends with a magnitude ranging from À5.92 mm/year at Injibara to À9.74 mm/year in Wegera.
INTRODUCTION
In recent years, more attention has been given to climate change as well its associated impacts and vulnerabilities A developing country like Ethiopia in East Africa may also experience greater variability of precipitation and evapotranspiration due to climate change, and hence greater adverse impacts on its economy as it is largely dependent on rainfed agriculture (IPCC ). In the country, agriculture employs approximately 80% of the labour force and accounts for 45% of the gross domestic product (GDP) and 85% of the export revenue. The agriculture sector is highly sensitive to climate change-related hazards due to the fact that precipitation has greater inter-annual variability and rising trends of temperature are reported by Meze () and Seleshi & Zanke () . One of the most reliable indicators of the sector's sensitivity to climate-related hazard would be the recent droughts in the years 1965, 1972-73, 1983-84, 1987-88 and 1997 , which resulted in low agricul- Several studies (Osman & Sauerborn ; Hagos et al.
) have examined the impact of rainfall variability on the
Ethiopian economy -20% of production deficit -hence, 25% of the poverty rate is caused by rainfall variability, which costs the economy over one-third of its growth potential. The authors of the above studies assessed the spatiotemporal trends of precipitation and temperature in different parts of the country. Osman & Sauerborn () indicate high rainfall variability with negative trends during the main rainy season (June-September). Similarly, Cheung et al. () , in their study of the spatial distribution of the seasonal and annual distribution of rainfall in Ethiopia, report no significant change in annual rainfall for the 13th examined watershed, but a significant decline in seasonal rainfall (June-September, called kiremt) was recorded in the southwestern and central parts of Ethiopia. Verdin et al.
() also report a decreasing rainfall trend (annual and seasonal) over eastern, southern and southwestern Ethiopia.
The National Meteorology Service Agency (NMSA ) has also reported a significant reduction in annual rainfall in the northern and southwestern parts of the country for the last five decades, while there has been an increasing trend in annual rainfall in the central part of Ethiopia.
Tana is one of the most sensitive basins to changes in temperature, rainfall and water resources variabilities in the country (Kim & Kaluarachchi ) . However, the effects of climate change on water availability and agriculture in the basin have not been dealt with adequately, but are necessary to further understanding the future impact of climate change on the basin as a result of the changing climate. Assessing trends in precipitation and temperature characteristics based on past records is essential to mitigate climate change-related hazards and vulnerability, by implementing climate-related policies, and will help predict future climate scenarios. In view of the above, this study has been carried out to explore the variability of climate parameters (rainfall and temperature) on both annual and seasonal time scales.
METHODOLOGY Study area
The Amhara National Regional State is found in the north- 
where r k is the lag-k serial correlation coefficient, k is the time lag, n is number of observations in the time series, X t is observation at time t, and x ̅ is the mean of series.
H o : r 1 :0 against H 1 |r 1 | > 0 using the test of serial correlation:
where (r k )t g is the normally distributed value of r k and t g is the normally distributed statistical level of significance.
If |r k | ! (r k )t g the null hypothesis of serial independence is rejected at the significance level α (0.05). The percentage change over a period of time can be calculated by assuming a linear trend from Sen's median slope, the length of the period, and mean of the variables (Yue & Hashino ) .
Trend analysis
A number of tests are available to detect and estimate trends.
Temperature and rainfall data indicate the long-term change pattern. The Mann-Kendall (MK) test is the most used mathematical method for detecting trends in time series.
Therefore, the long-term trends of the precipitation and temperature changes were estimated using a statistical test The MK test statistic is given as:
where x k and x j are the sequential data values of the time series in the years i and j ( j > k) and n is the length of the time series. Positive S value indicates an increasing trend and negative value indicates a decreasing trend in the data series. The sign function is given as:
In cases where the sample size n > 10, the statistics S is approximately standard normal distribution with the mean zero and variance is denoted by the following:
where n is the number of data, m is the number of tied groups (a tied group is a set of sample data with the same value), and it is the number of data points in the i th group.
First, the presence of monotonic increasing/decreasing trend was tested using the MK test. The highest positive value of S is an indicator of an increasing trend, and a very low negative value indicates a decreasing trend:
The test statistics Z is used as a measure of significance of trend. If the value of Z is positive, it indicates increasing trends, while negative values of Z show decreasing trends.
Z 0 is a null hypothesis which signifies the trend is not significant, and is recognized if Z statistics are insignificant statistically (ÀZ α/2 < Z < Z α/2 ), where Z α/2 is the standardized normal deviate (Modarres & da Silva ) . Hence, for the purpose of this study, 1, 5 and 10% significance levels were considered.
Sen's slope estimator and percentage change
If a linear trend is present in the time series, the true slope can be estimated using a simple non-parametric test known as Sen's slope method. Sen () developed the non-parametric procedure for estimating the slope of trend in the sample of N pairs of data:
where X j and X k represent the data value at the time-steps 'j'
and 'k' with 'j' correspondingly greater than 'k'. The median of these 'N' values of T i is termed as Sen's estimator of slopes and is calculated by the following formulae:
The β sign reflects data trend reflection, while its value indicates the steepness of the trend. To determine whether the median slope is statistically different than zero, one should obtain the confidence interval of β at specific probability:
where β is Sen's slope.
In order to study monthly variability of rainfall in the study area of each weather station, a modified version of Oliver's () Precipitation Concentration Index (PCI) was used. The guidelines for interpretation of PCI are presented in This index is described as:
where Pi is the rainfall amount of the ith month, and Σ is the summation over the 12 months.
The calculated PCI value is multiplied by 33.3 (for kiremt season), 41.69 (for bega) and 25 (for belg) seasons based on the seasonal classification of Ethiopia described above.
Interpolation method
In this study, the spatial variation and trends in annual and seasonal rainfall and temperature were determined using the Hence, the IDW technique has been used for spatial interpolation of temperature and rainfall data over the study area.
The following is the general formula of IDW:
where R p is the unknown rainfall data (mm); R i is the rainfall data from known rainfall station (mm); n is the number of rainfall station; W i is the weighting of each rainfall station; D i is the distance from each rainfall station to the unknown site; and a means the power, and is also a control parameter.
RESULTS AND DISCUSSION
Annual and seasonal rainfall patterns
The study area has three distinct seasons: the rainy season (kiremt) from June to September (in which much of the rainfall is concentrated during the season); the dry season (bega) from October to February; and the small rainfall season (belg) from March to May. According to the rainfall data analysis, the long-term mean annual rainfall in 36 years in the region is 1,284 mm. However, as shown in Table 3 , the mean annual rainfall ranges from 1,097 to 1,500 mm. The lowest rainfall (1,097) was observed in the northern part of the basin, Maksegnet, and the highest rainfall (1,500)
was recorded in the southwest of Injibara, with a standard deviation of 215.55 and 156.446 mm and a coefficient of variation of 0.24 and 0.10, respectively (Table 3) . This indicates that the rainfall coefficient of variability is high in the area with low annual rainfall. This is supported by Bewket & Conway () , whose study confirms the relationship between the area with low annual rainfall and high variability of rainfall. The mean monthly rainfall amount at the basin from the ten stations was averaged by aggregating the last three and a half decades of rainfall data. Based on this information, the basin receives the highest mean maximum rainfall in July and the minimum rainfall in December and January (Figure 2 ).
The PCI is computed and presented in Table 3 for the seasonal and annual distribution of rainfall at the station.
Accordingly, a uniform concentration of precipitation has been observed in the kiremt and belg seasons' rainfall during the last 36 years in 80% and 50% of the stations, respectively (Table 3) . On the other hand, the long hydrological time series of the bega season shows that rainfall distribution has been more erratic as the PCI value is irregular. Also shown in Despite the apparent uneven distribution of all annual and most seasonal rainfall in the study area, the bega (October-February) and belg (March-May) seasons are much more variable than the kiremt season (Table 4 ). Similar The maximum and the minimum percentage for kiremt rainfall contribution to the mean annual total were observed in Woreta (89%) and Bahir Dar (72%) ( Table 4) . On the other hand, belg rainfall contribution to the annual total is considerable in the Bahir Dar station (21.14%) and small in Woreta (6.5%).
Spatial variability of rainfall and temperature
To analyse the observed spatial variability of annual and seasonal rainfall and temperature trend, the IDW method, the simplest method for interpolation, has been used to illustrate the spatial variability for annual and seasonal (kiremt, bega, and belg) rainfall and temperature distribution over the study period of 1980-2015, as shown in Figures 3 and 4.
As described above, the annual mean rainfall of the basin is 1,284 with a standard deviation of 157. Hence, the annual spatial variability of rainfall within the basin is 12.2%. This shows that rainfall spatial variability over the basin is considered less. Likewise, high rainfall variability is observed on the average of the bega and belg seasons (45% and 38%, respectively), and less variability on the kiremt season (16%) has been recorded over the basin.
Results of rainfall distribution in Figure 3 
Trend analysis

Rainfall trend analysis
The result of the MK test was applied to analyse the mean annual and seasonal rainfall and temperature trend for the significant level (5% and 10%). From these, a decreasing trend has been observed to be significant at Debre Tabor   (À6.07 Pingale et al. ), which indicate the major contribution of kiremt rainfall to annual rainfall. The belg and bega seasons showed a decreasing rainfall trend in a majority of the stations. Of these stations, only three from the bega season and three from the belg season were found, and one increasing belg trend was also significant at 5% and 10% significant levels.
Maximum temperature
Using the same procedure applied for rainfall, the temperature trend for the long time series was analysed over the Tana basin region. April is the hottest month (28.8 C), followed by May (27.3 C) and July is the coolest month (13 C), followed by August (14.6 C). A significant increase of the annual maximum temperature is observed.
Annual maximum temperature indicates a significant increase in Gondar, Debre Tabor 
Minimum temperature
The minimum temperature showed the significantly increas- Table 6 .
The maximum value of the annual minimum temperature was observed to significantly increase in Bahir Dar (0.041 C/year) with a percentage change of 10.9%, and the minimum value was also observed in Debre Tabor and Gondar (0.024 C/year) with similar percentage changes of 11.21% and 7.4%, respectively, which are also statistically significant at 5% and 10% significance levels. On the contrary, a significantly decreasing trend of the minimum temperature was observed in Wegera (À0.008 C/year) with a percentage change of À2.55% at 90% significance level.
The remaining station had a positive nonsignificant trend in the minimum temperature during the last three and half decades in the Tana basin region. From the general analysis, it can be observed that the minimum temperature increases by 0.29 C/decade, and it clearly indicates that the magnitude of the minimum temperature trend over the Tana basin was comparatively higher than the magnitude of the maximum temperature trend.
Mean temperature
The significantly increasing trend was also found in the mean temperature over the Tana severity of natural disasters. The serious impact of variability in Ethiopia is high, particularly in communities that rely on natural resources -which are more susceptible and sensitive to climatic shock -and on rainfed crop production.
The yearly and seasonal trends for rainfall and temperature variables (i.e., seasonal rainfall, annual rainfall, minimum temperature, maximum temperature and mean temperature) were analysed. The findings of the study indi- 
